Pollution by nitrogenous compounds is a putative stressful factor that may be causally linked to the decline of amphibians. One way to understand the potentially detrimental consequences of eutrophication on amphibian populations is to investigate variation among populations differing in exposure to nitrogen, this variation potentially indicating evolutionary potential to cope with this stressor. We have examined the effect of nitrogenous compounds (NH þ ; NO -; NO -, both alone and in combination) on fit-
Introduction
An important consequence of human activities is the profound alteration of the global nitrogen cycle, which in many areas inof nitrogenous compounds (e.g. Ortiz et al., 2004; Camargo et al., 2005; Marco and Ortiz-Santaliestra, in press ).
Previous studies reported that nitrogenous compounds such as ammonium (NH þ ), nitrite (NO -) and nitrate (NO -) caused both 4 2 3 creases both the availability and mobility of nitrogen. Fertilizers, animal wastes and atmospheric deposition are the main sources of nitrogenous compounds to the environment worldwide (Vitousek et al., 1997; Ritter and Bergstrom, 2001; Holland et al., 2005; Marco and Ortiz-Santaliestra, in press ). As a consequence, pollution by nitrogenous compounds is widespread (Carpenter et al., 1998) and is expected to increase in the future (Tilman et al., 2001; Galloway et al., 2003) . Thus, assessing the impact nitrogenous pollution on wildlife should be of major concern. Although amphibian populations may show long-term natural, cyclic demographic fluctuations (Pechmann et al., 1991; Tejedo, 2003) , their worldwide decline has been demonstrated (Houlahan et al., 2000; Stuart et al., 2004) . Anthropogenic factors such as overexploitation, habitat loss, climatic change and disease have been argued as important causes of amphibian population decline (e.g. Stuart et al., 2004; Beebee and Griffiths, 2005) . Among these factors, chemical pollution has been reported a major threat to amphibians (e.g. Beebee and Griffiths, 2005) , and there is abundant evidence that these vertebrates are susceptible to the toxic effects lethal and sublethal effects on larval amphibians (e.g. Xu and Oldham, 1997; Marco et al., 1999; De Wijer et al., 2003; Burgett et al., 2007; Griffis-Kyle, 2007) . Nitrate is the dominant form of nitrogen in water bodies with aerobic conditions (Camargo et al., 2005) , where it is usually accompanied by other stress factors, including other nitrogen forms (e.g. Vidal-Abarca et al., 2000) . Previous studies show that nitrogenous compounds in combination with other environmental factors such as UV-B radiation or pesticides (Hatch and Blaustein, 2000; Boone et al., 2005; Macías et al., 2007) affect amphibian embryos and larvae more severely than when they act alone. Despite the great relevance that such interactions may have on amphibian decline, to date no study on the mixture effects of multiple nitrogenous compounds has been carried out. In the present study, we hypothesized that increasing the number of nitrogenous compounds would negatively affect tadpole survival and performance.
Interspecific variation in nitrogen tolerance appears to be important in amphibian larvae (Marco et al.,1999; Marco and Ortiz-Santaliestra, in press ). Nevertheless, information of intraspecific differences among populations in the sensitivity to nitrate compounds is almost totally lacking (but see Hecnar, 1995; Johansson et al., 2001; Hatch and Blaustein, 2003; Shinn et al., 4 3 3 3 2008). Such information is likely to shed light on the evolutionary potential of nitrogen tolerance and would be therefore crucial for predicting the impact of these compounds on amphibian communities.
In this study we examine the effect of eutrophication on larvae of Pelophylax perezi. This species of waterfrog is widespread throughout the Iberian Peninsula and Southern France (Llorente and Arano, 1997) and mainly inhabits permanent water bodies (Díaz-Paniagua, 1990) . As a consequence of farming practices (one of the most important nitrogen sources in nature (e.g. Ritter and Bergstrom, 2001) , these habitats may hold high concentrations of different nitrogen forms. For instance, in southeastern Iberian Peninsula, concentrations as high as 154.6 mg L -1
2. Materials and methods
Studied populations
Four populations of P. perezi located in the Segura River basin (SE Iberian Peninsula) (Fig. 1) were selected for the study. This basin is considered as one of the most arid of the Iberian Peninsula (Vidal-Abarca et al., 1987) , and is undergoing an accelerated eutrophication (Ballester, 2003) due to intensive agricultural development in the area during the last decades (Pérez and Lemeunier, 2003) . The selected populations were naturally exposed to different levels of nitrogen pollution. Two of these populations, considered control populations (C), were exposed to low nutrient concentrations: Río Chícamo (C1, hereafter) (38°12 0 N, 001°03 0 W; 2 3
2003; Suárez, personal communication). Because P. perezi uses water bodies as shelter from predators (Martín et al., 2006) , for foraging (Docampo and Vega, 1990) and as breeding habitat (Egea-Serrano et al., 2005) , nitrogen pollution may cause a threat to this species throughout its life cycle. The wide distribution and abundance of P. perezi even in highly eutrophic agricultural habitats (Llorente et al., 2002) means that there may be populations exposed to differing nitrogen concentration, which may cause interpopulational variation in tolerance to eutrophication, as has been shown in other species (e.g. Johansson et al., 2001) . The aims of the present study were (1) to determine the effects of exposure to different concentrations of NH 4 Cl, NaNO 2 and NaNO 3 , and some of their combinations, on mortality, food consumption and final mass of larvae of P. perezi; and, (2) to investigate the divergence in populations exposed to different levels of nitrate pollution that may arise from genetic adaptation in the tolerance to differing levels in nitrogen toxicity. 10 years (unpublished data) suggest substantial levels of eutrophication. The natural environment of P1 corresponds to pine trees on heterogeneous carbonated materials although most of the stream course has been largely modified and is dominated by intensive livestock farming. The P2 population environment corresponds to a suburban landscape. The geographical separation between populations ranged from 12.0 to 95.2 km.
Experimental design and response variables
Five different egg masses of P. perezi were collected from each of the studied populations during 4-7 April 2006. The developmental stage of embryos collected ranged from stage 15 to 20 (Gosner, 1960) , with no differences among populations (Chi-square, P > 0.05). In all cases, embryos were transported before hatching to the laboratory, where they were reared in 12 L glass aquaria containing dechlorinated tap water (pH = 8.39; conductivity = 985 lS cm
short-term exposure (A. Egea-Serrano, unpublished data). Larvae were fed every three days with dry dog chow pellets (250-350 mg). Larvae were exposed to the chemicals for 21 consecutive days in a laboratory at a roughly constant temperature (25 °C) and with indoor lighting of 12:12 h dark:light cycle. Water was renewed and the treatments restored every two days. The position of the beakers on the shelves was fully randomly re-assigned after each renewal. For C1 and C2 populations, each treatment was replicated seven times (i.e. seven larvae per treatment), whereas for P1 and P2 populations we had five replicates (i.e. five larvae per treatment) due to the limited number of larvae. Larval mortality at the end of the experiment was recorded and surviving larvae were weighed with an electronic balance (±0.0001 g) after being blotted dry. Additionally, at days 7, 14 and 21, an estimate of larval food consumption was taken using the methodology proposed by Rist et al. (1997) . Thus, a preweighed dried dog chow pellet (250-350 mg) was placed in each beaker with no other food source avail-2 3
from the same population of origin were pooled and reared in the same aquarium. Fully randomly selected larvae at Gosner stage 25 were individually transferred to 1 L plastic beakers containing 500 mL of the treatment solutions shown in Table 1 . Each beaker was fully randomly assigned to one out of eight shelves in the laboratory. For the four studied populations the exposure started at the same time. Larvae were reared individually during the experiment. A sample of 13-15 experimental beakers were randomly chosen for each treatment to measure water pH, temperature (°C), conductivity (lS cm -1 ) and salinity (g L -1 ). Measurements were taken just after applying treatments for first time. Ammonium, nitritre and nitrate concentrations were prepared using NH 4 Cl, NaNO 2 and NaNO 3 , respectively, and dechlorinated tap water. For each ion, two concentrations (low or high, Table 1 ) were selected to assess and magnify any subtle effect that may not have been detected at lower concentration. These concentrations are ecologically relevant, since they were representative of peak concentrations naturally occurring in the field in the Segura River basin (e.g. point sample: 154.6 mg L
able. After 24 h, the uneaten food was removed, dried again for 24 h at 50 °C and weighed. To correct for any bias in the estimates due to the loss of food by its handling or physical dilution in water a correction factor was calculated. To do so, a pilot study was performed with 50 dried dog chow pellets (250-350 mg). Each one was weighed, left in water without larvae for 24 h and weighed again after being dried for 24 h at 50 °C. Final dried mass of the chow pellets (y) was regressed against their initial dried mass before being submerged (x), obtaining the following regression equation: y = -0.0082 + 0.8725x (R 2 = 0.988, P = 0.0001, N = 50). The initial dried mass of each chow pellet (x) was introduced in this regression model to determine its final dried mass after removing the loss due to handling or dilution (y). The difference between this mass and the final dried mass weighed after chow pellets were in the experimental beakers with the larvae provided the amount of food eaten by each larva. 4 2 333 mg L -1 NO -, Suárez, personal communication). Since a major objective of the present study was to assess the impact of the treatments on sublethal parameters (food consumption and final mass), the concentrations selected for ammonium and nitrite were lower than those cited for the field because preliminary tests showed that higher concentrations produced high larval mortality after Table 1 Nitrogen treatments used in this study.
Analysis of data

Treatment
Concentration 1 0 The physicochemical characteristics of the water (dependent variables) were analysed separately using one-way ANOVAs with treatment as factor. Larval mortality was analysed by Generalized Linear Models (GLZ) for binary data fitting a binomial distribution of the data with a Logit Link function to yield maximum-likelihood ratio estimates, using environment of origin (non-polluted, involving C1 and C2 populations, vs polluted, involving P1 and P2 populations), population (nested within environment), treatment and their interaction as factors. Because GLZ analyses do not allow random factors, the mentioned factors were all considered as fixed factors. Since individuals were pooled and then fully randomly assigned to treatments, the random factor family could not be included in the analysis. Food consumption, measured as the mean tionally, the effect of compound concentration and mixture on the response variables was analysed in more detail for each nitrogenous compound separately using GLZ (in the case of larval mortality) and GLM (for food consumption and final mass). To do so, treatments containing the compound of interest were selected and assigned to the proper category of the factors concentration (low or high) and mixture (single or combined with the rest of compounds, regardless their concentration) ( 1288.33 ± 7.54a,b 0.42 ± 0.011a 5 (n = 15) 1394.13 ± 9.82b 0.50 ± 0b 6 (n = 14)
1321.21 ± 5.85a,b 0.48 ± 0.011b 7 (n = 15) 1799.93 ± 43.58c 0.78 ± 0.011c 8 (n = 15)
1883.07 ± 10.95e 0.80 ± 0c 9 (n = 13) 1994.15 ± 10.16d,f 0.88 ± 0.012d,e 10 (n = 13)
1966.08 ± 8.93e,f 0.84 ± 0.014c,e 11 (n = 15) 2076.00 ± 11.08d 0.90 ± 0d
of origin, concentration, mixture and their different interactions were included as fixed factors. To analyze for the effect of population of origin, this random factor was also included in the analyses, nested within environment (in the case of larval mortality it was considered as a fixed factor, as mentioned above). Significance levels were not corrected for multiple comparisons because comparisons among different pollutants were based on a priori hypotheses. All variables were log-transformed (log(x + 1)) except mortality. GLZ for binary data were performed using STATISTICA 6.0 statistical package (Statsoft, Inc. 2001) . The rest of the analyses were performed with SPSS ® v. 15.0 statistical package. In all cases a significant level of 5% was selected and descriptive statisticals were expressed as mean ± 1SE.
Results
Water physicochemical characteristics
Water pH and temperature ranged from 6.85 to 8.04 and from 20.0 to 24.8 °C, respectively. Nitrogen treatments did not affect these parameters (P > 0.10 in both cases). Water conductivity (F 10,149 = 390; P = 0.0001) and salinity (F 10,149 = 524.33; P = 0.0001) differed across treatments, being significantly greater at high concentrations of ammonium, nitrite and nitrate, whether isolated or combined (Table 2) . 4, significant environment × concentration interaction), increased larval mortality in relation to the rest of treatments (Fig. 2) . This severe effect of high concentration of ammonium compared with lower concentration was also observed when the effects of this compound were analysed separately (Table 4 ). In addition, the separate analysis on the treatments with nitrite showed that exposure to nitrite in combination with ammonium and nitrate significantly increased larval mortality as compared to exposure to nitrite only (Table 4 , Fig. 2 ). Larvae from non-polluted populations showed higher mortality than polluted ones (Fig. 2) , as revealed both by the analysis of all treatments (Table 3) and by the analyses performed for each nitrogenous compound separately (Table 4 ). The significant environment × treatment interaction (Table 3) revealed that the pattern of divergence in larval mortality between different environments of origin differed across treatments. Polluted populations had lower larval mortalities than reference populations only for high levels of ammonium, whether isolated or in combination (Fig. 2 , treatments 3, 10 and 11, Table 4 , significant environment × concentration interaction) suggesting differential sensitivity to ammonium between source environments, possibly indicating local adaptation to this toxicant. This environment-specific response also arose when the effect of ammonium was analysed separately, which also revealed that the exposure to the combination of nitrogenous compounds aggravated the effects of isolated ammonium to some degree, as suggested by the significant concentration × mixture interaction (Table 4) .
Effects on averaged food consumption
The amount of food consumed by larvae was significantly affected by nitrogen treatment (Table 3 ). Exposure to nitrogenous compounds produced lower feeding rates than in control larvae (planned comparison, F 1,166 = 292.024, P = 0.0001). Additionally, larvae exposed to nitrogenous mixtures consumed significantly less food than those exposed to individual pollutants (Fig. 3) , as revealed by the analysis of the effect of all treatments (Table 3) and by the separate analysis of the effect of each nitrogenous compound (Table 4) . Food consumption responses differed among the studied populations (significant environment × treatment Table 3 Summary statistics for the GLZ and GLM analyses on mortality, food consumption and final mass of larvae of P. perezi in the laboratory. Significant values are shown in bold. Fig. 2 . Larval mortality rate (mean ± 1SE) for larvae of P. perezi from control (h) and polluted (d) populations exposed to low and high concentrations of three nitrogenous compounds and to different combinations thereof. Text in bold indicates the highest concentration for the different ions used in the present study. Treatment codes are shown in brackets (see Table 1 for details). interaction, P < 0.001, Table 3 ). Polluted populations ate more food than non-polluted populations in the treatments with higher levels of nitrite (Fig. 3, treatments 5 and 11) , whereas the amount of food consumed was lower than in the case of non-polluted populations for the treatment involving low concentration of ammonium (Fig. 3, treatment 2 ). When separate analyses were performed for each nitrogenous compound, larvae from polluted populations ate more food than non-polluted populations when Table 1 for details). Common underbar notation indicates the results of HDS Tukeý s test (a = 5%) performed for the factor treatment (treatment codes underlined by the same bar correspond to homogenous groups). Table 1 for details). Common underbar notation indicates the results of HDS Tukeý s test (a = 5%) performed for the factor treatment (treatment codes underlined by the same bar correspond to homogenous groups).
they were exposed to ammonium in combination with nitrite and nitrate (Table 4 , Fig. 3, treatments 8-11 ) and when they were exposed to high levels of nitrite (Table 4 , Fig. 3 , treatments 5, 9 and 11). Moreover, significant concentration × mixture interactions were observed for the separate analysis for ammonium and nitrite (Table 4 ), suggesting that the combination of nitrogenous compounds severely reduced the amount of food consumed by larvae as compared to the exposure to ammonium and nitrite alone.
Effects on final mass
Final larval mass was unaffected by treatment, environment of origin, or their interaction. Only population (nested within environment) significantly affected final mass (Table 3) . Larvae from P1 reached a greater size (final mass, mean ± 1SE: 0.350 ± 0.023 g, N = 53) than larvae from the other populations (final mass, mean ± 1SE: C1: 0.178 ± 0.017 g, N = 55; C2: 0.191 ± 0.013 g, N = 57; P2: 0.211 ± 0.019 g, N = 47) (Table 3 ). This pattern was also observed when the effect of ammonium, nitrite and nitrate was analysed separately (Table 4) . These separate analyses, however, revealed that the treatments with high concentrations of ammonium and nitrite led to lower final mass in the tadpoles than lower concentrations of these toxicants (Table 4 , Fig. 4) . Moreover, this decrease in mass at high concentration of nitrite was more pronounced when nitrite was combined with other nitrogen forms (significant concentration × mixture interaction, Table 4 , Fig. 4 , treatments 9 and 11).
Discussion
The results obtained indicated three basic conclusions: (1) Exposure of P. perezi tadpoles to nitrogenous treatments strongly reduced larval survival and food consumption and caused a slight decrease in final larval mass. (2) Exposure to pollutant combinations produced more severe effects in relation to nitrogenous compounds acting isolately for the response variables larval mortality and food uptake. (3) A noticeable degree of interpopulational variation was detected for larval mortality and food consumption; larvae from polluted sites being more tolerant than those from low nitrate stress environments.
Previous studies have reported that exposure to high levels of ammonium (Jofre and Karasov, 1999; Schuytema and Nebeker, 1999a) , nitrite (Marco et al., 1999; Griffis-Kyle, 2005 Macías et al., 2007; Shinn et al., 2008) and nitrate Waights, 1993, 1994; Schuytema and Nebeker, 1999a,b; Smith et al., 2005) increase larval amphibian mortality. The present study indicates that high concentrations of ammonium, whether isolated or combined with other nitrogen compounds, caused significant mortality. Moreover, when the effects of each compound were analysed separately, a significant increase of larval mortality was detected when nitrite acted in combination with ammonium and nitrate as compared to its effect as a single stressor. This apparent lack of effect of nitrate and nitrite when they act as single stressors supports previous studies on several frog species Vaala et al., 2004; Smith, 2007) . The existence of an effective detoxification pathway may explain the observed tolerance to nitrite and nitrate ions, as has been hypothesized for Lithobates catesbeianus tadpoles suffering short-term nitrite exposure (Huey and Beitinger, 1980a) . Additionally, the chlorides present in the dechlorinated tap water used in the experiment (110 mg L -1 Cl -) (or any other monovalent ion) may have competed with nitrite for ionic uptake sites on the respiratory surface (Huey and Beitinger, 1980a,b) , reducing its overall uptake and, consequently, its effects. These considerations emphasize the importance of performing physiological studies to identify the mechanisms underlying the divergent tolerance levels of the studied species to different nitrogenous compounds.
The general reduction in food ingestion observed in the presence of high nitrogenous concentrations also supports previous studies Waights, 1993, 1994; Hecnar, 1995; Xu and Oldham, 1997 ; but see Watt and Oldham, 1995) . Since treatments were renewed every two days, preventing algal growth, no alternative food source was available in the experimental beakers. Moreover, the effects observed cannot be attributed to the fact that larvae exposed to polluted treatments were more inactive, since larval activity level increased for those treatments significantly affecting this response variable (Egea-Serrano et al., unpublished data) . Thus, the observed lower food consumption may either be regarded as a disturbance response of the symbiotic gut bacteria involved in digestion (Hecnar, 1995) or an alteration in the chemosensory system of the larvae, which is essential for food detection (Veeranagoudar et al., 2004) . However, these arguments do not explain the contrary trend observed in larvae exposed to high concentrations of ammonium and nitrite (for polluted populations), which increased their food uptake. A possible explanation for this enhanced ingestion may be the need to satisfy the increased energetic costs that detoxification pathways would demand (Wright and Wright, 1996) .
The exposure to nitrogenous compounds has been shown to produce a diversity of responses in amphibian larvae growth in laboratory conditions. Some studies observed no significant effect of fertilizers on final larval size (Hecnar, 1995; Vaala et al., 2004; Smith et al., 2005) , whereas others mentioned that such exposure reduced the final size of the larvae (e.g. Griffis-Kyle, 2007; Shinn et al., 2008) . Considering the separate analyses for each compound, our results would support this last scenario (at least in the case of ammonium and nitrite), although no significant effects were detected when the data for the eleven treatments included in the present study were considered jointly. As treatments significantly affected the amount of food consumed, we predicted that treatments where larvae consumed greater amounts of food would lead to a larger final mass. However, this prediction was not supported by any significant relationship between final mass and food consumed (Pearson correlation: r = 0.042, P = 0.546, N = 206). Larval growth may be affected by the physicochemical characteristics of water such as pH or temperature (Álvarez and Nicieza, 2002; Glos et al., 2003) . In our study, these parameters did not significantly differ and, as a consequence, their effect on the results recorded may be insignificant. Nevertheless, those treatments corresponding to high concentration of nitrate, as well as to the mixtures of nitrogenous compounds, showed significantly higher water conductivity and salinity than the rest. Exposure to these conditions may have induced osmotic stress that affected growth, such as described in previous studies (Gómez-Mestre et al., 2004; Ortiz-Santaliestra, 2008 ) and which may have biased the results obtained. In addition, the increased energetic costs that detoxification pathways may involve in the case of the exposure to high concentrations of ammonium and, for P1 and P2 populations, nitrite (Wright and Wright, 1996) would probably have led to a lack of effect on final mass, in spite of the increased amount of food consumed by larvae exposed to these treatments. Further physiological studies are needed to identify the mechanisms responsible for the apparent lack of effect of individual pollution treatments on final larval mass in P. perezi. Nevertheless, to fully assess the consequences of nitrogenous pollution on larval mass in the studied species, experiments in more natural environments are needed since nitrogenous compounds may have indirect effects through the alteration of primary producers and microbial communities (Carpenter et al., 1998; Fenn et al., 2003) , which may produce positive effects on the mass of surviving tadpoles (e.g. De Wijer et al., 2003) .
The exposure to cocktails of fertilizers and other stressing factors, such as pesticides (Boone et al., 2005) , UV-B radiation Blaustein, 2000, 2003; Macías et al., 2007) or low pH (Hatch and Blaustein, 2000) may affect amphibian larvae more severely than when they are exposed to these factors acting in isolation (but see Boone and Bridges-Britton, 2006) . The response to a cocktail of stressors may be either additive or synergistic (Berenbaum, 1989) . In the present study, the exposure of larvae to the combination of different nitrogenous compounds at different concentrations affected larval mortality and food consumption more severely than the exposure to single compounds, in contrast to previous studies in which no different effects were recorded in relation to those produced by isolated factors (Orton et al., 2006) or control treatments (Boone and Bridges-Britton, 2006) . Moreover, the separate analyses performed for each one of the nitrogenous compounds studied suggests that the exposure to the combination of such compounds would have a synergistic effect on mortality, food consumption and even final mass. Nevertheless this interpretation needs to be considered cautiously because the greater effect of the combination of nitrogenous compounds may be due to their higher total amount of nitrogen, rather than to a true interaction among compounds. More research involving pairwise combinations of pollutants is needed to evaluate the effects of nitrogenous mixtures independently of the cumulative nitrogen effects and to properly assess whether such mixtures interact synergisticaly or additively.
The response to nitrogenous pollution differed between populations that were naturally exposed to different levels of nitrogenous pollution in their aquatic habitats. As regards larval mortality, two populations breeding in polluted habitats expressed higher tolerance to ammonium both alone and in combination with nitrate and nitrite than two other reference populations exposed to lower nutrient concentrations in their environments. This result would suggest that populations breeding in habitats exposed to high levels of toxicant nitrogenous compounds may have evolved rapidly in response to environmental nitrification in a pronounced process of selection. This hypothetical rapid evolution, presumably caused by the intense farming activities developed in the polluted areas during the past three decades, is compatible with the idea that environmental stress, especially stress of contemporary anthropogenic origin, such as chemical pollution, is a strong force generating local adaptations and rapid evolution (Hoffmann and Hercus, 2000; Meyer and Di Giulio, 2003; Carroll et al., 2007) . Previous studies revealed interpopulational variations in the tolerance to fertilizers of different amphibian species (Hecnar, 1995; Johansson et al., 2001; Hatch and Blaustein, 2003; Macías et al., 2007; Shinn et al., 2008) , and local adaptation has also been suggested (e.g. Johansson et al., 2001 , in Rana temporaria populations). In our case, the studied populations have been exposed to different nutrient concentration only during the last few decades (Vidal-Abarca et al., 2000; Ballester, 2003) . Additionally, they belong to the same river basin and are located relatively close to each other, which may preclude strong demographic isolation between them. Although we have no information on population genetic structure, we could hint that the pattern of population divergence in P. perezi populations in nitrogenous compounds tolerance is concordant with an adaptive process involving natural selection. However, some caution is needed because the differences among populations do not appear consistent with regard to their origin, since the pattern observed for larval mortality does not ensue in the case of food consumption and final mass. Moreover, other factors may mask the divergent responses. For instance, egg masses were collected directly in the field, and, therefore, we can not discount the possibility that selective mortality and/or acclimatization process could be responsible for the responses observed (Freda and Dunson, 1984; Räsänen et al., 2003) . Furthermore, no data exist on the heritable genetic mechanisms for nitrogenous compound tolerance and so, population divergence may be the response to other environmentally based sources such as maternal effects (Räsänen and Kruuk, 2007) . All these considerations make it difficult to assess the interpretation of an adaptive response of populations to increased levels of eutrophication.
